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1. I ~ O D U C T I O N  

The Lignite Corporation Ltd. are now implaaenting au Integrated 
Project  for the development of l i g n i t e  resources a t  NeyveU, h d r a s  State ,  India. 
The lignite bearing area here is  100 square miles and t he  reserves a r e  es t inated 
at 2,000 million tons (1). 
indicated t h a t  t he  l i g n i t e  i s  of very good qual i ty  and t h a t  it could be briquetted 
d t h o u t  a binder. Table 1 gives the analysis of South Arcot Ugnlte. 

of t h e  following schemst 

Tests done at iJeyveU and o the r  laborator ies  have 

I n  the first stage of development, t h e  Integrated Lignite Pmjec t  consis ts  

1) In Open C a s t  Hne ,  f o r  pmducing 3.5 m U o n  tons of lignite per annum. 

2) A Thermal Stat ion with an iastalled capacity of 250 M.W. The Thermal 

3) A Fertilizer P l a n t  for producing 152,000 tons of urea per annum by t h e  

Stat ion will burn pulverised raw l ign i te  as fuel .  

t o t a l  recycle process. This p l an t  is expected t o  be the biggest  of i ts 
kind i n  t h e  world. 

4) A Briquetting and Carbomsation Plant for producing 380,000 tons of 
carbonised br iquet tes  per anma. This H i l l  be one of t h e  biggest 
lignite brlquett ing and carbonisation plants  i n  t h e  world. 
carbonised l i g n i t e  br iquet tes  dll be used mainly as domestic fuel 
i n  South India. 

The 

When the  Corporation started t h e  development of lignite resources, it did 

It was considered r i s k y t o  base 
not have adequate data t o  decide upon t h e  type of equipment t h a t  should be used f o r  
drying, briquett ing and carbonisation of l i g n i t e .  
t h e  design of a large ccmmercial unit  on laboratory data alone. Too, experiments 
conducted i n  Germany showed that it was not possible t o  conduct p i l o t  plant tests on 
drjnng, briquett ing and carbonisation a t  any one place, because all the  equipment 
were not available i n  any one laboratory. 
had a s igpif icant  role t o  p lay  in these processes and the best thing would be t o  
conduct p i l o t  plant  t e s t s  a t  Nsyveli itself. 
carbonisation plant was i n s t a l l ed  at MeyveU. “his was erected i n  a record tirre of 
e ight  weeks and waa put i n t o  commission on the  14th kay, 1958. 

The technical opinion was t h a t  the weather 

Accordingly, a p i l o t  br iquet t ing and 

2. DESCRXPTIC?J OF THZ PILOT PLAWP: 

The pilot plant consis ts  of a raw c o a l  preparation section, a Parry dryer 

It also has t a r  and gas col lect ing systems. 

i n  a c h  t h e  l i g n i t e  i s  dried i n  an entrained state by hot i n e r t  gases, an extrusion 
type briquett ing press made by Keessrs. Pawed AG. of S d t z e r l a n d  and a carboniser 
designed by the U.S. Bureau of kiines. 
The arrangement of t he  major equiprcent i n  t h e  P i l o t  Plant  is s h m  i n  f igure 1. 
The plant was sapplied try t h e  Technical Co-operation Mss ion  (U.S.A.). 
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The raw c o a l  preparation sect ion has a hammer mill vdth a throughput o f  3 

The briquett ing-press 
t o  5 tons of raw lignite per  hour. The dryer can handle upto 2.5 tons of raw U g -  
nite per  hour, when dmng l l g r d t e  from 56% t o  l@ moist-. 
can make briquettes of t w  n o m i n a l  s izes,  65 m. (24") dimter and 38 mm. (lot1) die  
meter. 
about t ton of br iquet tes  p e r  hour. 
press capacity i s  of t h e  order of 1OCO lbs. per  hour. 

The capacity of the press,. when it makes 65 mrn. diameter briquettes, is 
-&en it makes 38 ma. diameter briquettes,  the 

The carboniser was designed t o  carbonise continuously about 300 to 500 lbs. 
HoWver, it w a s  found during a c h d l  practica t h a t  it was 

Batch t e s t s  

af raw brique%tes p e r  ho.w. 
d i f f i c u l t  to  obtain sa t i s f ac to ry  perfomance, when the  carboniser is operated on a 
continuous basis. 
have been done, using charges of t h e  order of loo0 to X O O  lbs. of raw briquettes a t  
a time. 

Such an operation gave b o  many f ines  i3 t he  product. 

S i m e  the p i l o t  plant came in to  operation, 26 runs on the  dryer, 77 runs 
on the br iquet te  press and 4+ rnns on the carboniser have been made. 
investigations was to f ind out  t h e  optimum dry ing ,  briquett ing and carbonisation 
conditions for prcducing good carbonised br iqust tes  lor use as dorrestic f u e l  i n  
South India.  
which is a comonly used dolcestic f u e l  i n  South India at present. 
of charcoal, the need f o r  a subs t i t u t e  f u e l  i s  keenly f e l t .  
conditions, the f u e l  t h a t  i s  t o  replace charcoal has t o  be, a s  much as possible, 
s imilar  t o  charcoal i n  handling and canbustion properties.  
l ikeUhoo3 of cons 'mr resistance.  "he v o l a t i l e s  i n  the carbonised briquettes have 
t o  be low emu& t o  cause no smoke i n  actual use, but hi& enough to f a c i l i t a t e  eaoy 
ign i t ion  of t h e  fuel. The carbonised briquettes also must have f a i r l y  strong struc- 
ture, such t h a t  they can be transported over a distance of 200 t o  300 d ies ,  without 
appreciable amount of depada t ion  in size. 

The aim of the 

The carbomsed br iquet tes  are expected t o  take the  place of charcoal, 
h e  to scarci ty  

Under the  prevailhg 

Otherwise, t h e r e  i s  a 

The variables $ha t  were investigated,  were t he  following:- 

1 )  Size of t h e  d r i ed  lignite f o r  briquett ing.  
2) Koisture in t h e  r a w  briquettes.  
3) Size of t he  raw briquettee.  
4) Temperature of carbonisation. 
5) Heathg r a t e  daring carbordsation. 
6 )  Kethod of quenching of carbomsed briquettes.  
7) Influerice'of ash on the  strength of carbonised briquettes.  

Laboratory scale e x p e r b e n t s  (2,3) indicated that best  briquettes for 
carbonisation could be produced by taking f i n e  dr ied lignite with a s  low a rcoisture 
content as possible and pressing it w i t h  as high a pressure as possible. No binder 
i s  required f o r  briLpetting. 
were obtained wheo t h e  dried l i g n i t e  had a s i ze  of 0-2 m.n. ra ther  than 0-1 m.m. ( 4 ) .  
The arrangements i n  t h e  c o a l  preparation section of t he  pi lot  plant was such t h a t  
much corrtml could not be exercised on the s i z ing  of r a w  crushed lignite. 
c o n t m l  t h a t  could be had was on t h e  shape, s i z e  and &er of hamers  in the  hvnmer 
mill. 
a g a t e r i a l  f o r  drying and briquett ing.  
produced could not be briquetted i n  t h e  extrusion press. 
was then changed t o  1450 RPH., which gave b e t t e r  results. 
sizes of t h e  product fmrn t h s  hemmer mill before and a f t e r  the chang*s were 
incorporated i n  the mill. 
-200 mesh material of crushed raw lignite was of the order of 3 t o  4$. 
-200 mesh mater ia l  was of the order of 9 t o  1G i n  the crushed raw lignite, the 
-200 mesh ma te r i a l  i n  the product was of the order of 33 t o  3@. 
was too f i n e  t o  be brfquetted i n  t h e  extrusion p res s  of the P i l o t  Plant. 

Xowever, some evid3nce showed tha t  be t t e r  briquettes 

The o n l y  

I d t i a l l y  the mill was designed t o  operate a t  3coO mz., wfiich gave too f ine  
The very f i n e  dr ied U&te potder t h a t  was 

The speed of tb harmers 
Table 2 gives t yp ica l  

The best bdque t t ing  r e s u l t s  were obtained &en the 
When the  

This dried U@te 
&en the  
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-200 mesh mater ia l  i n  the M e d  l ignite was of t h e  order of l&, as was the case 
a f t e r  the m d l f k s t i o n s  w e r e  carr ied out i n  the  hammer mills, t he  dried mater ia l  
could be briquetted e a s i l y  i n  the  press.  

Moisture i n  t h e  raw briquet tes  plays a s ign i f i can t  r o l e  i n  the  production 
of good carbonised briquettes.  Laboratory t e s t s  indicated t h a t  the low3r t h e  
moisture content i n  the  r a w  briquettes, the stronger and b e t t e r  were t h e  carbonised 
briquettes.  However, i n  ac tua l  p rac t i ce  there i s  a u rn i t a t ion  to the minkoum 
noisture  content i n  the  dr ied Ugnite, which i s  used f o r  hricjuatting. 
moisture i n  the lignite w i l l  make it d i f f i c u l t  t o  handle i n  the  convepr s  and 
briquette presses. It a l s o  produces a great f i r e  hazard. 
the raw briquet tes  w i l l  result i n  weak carbonised briquettes.  
br iquet tes  themselves w i l l  be weak. dxperiments i n  t h e  extrusion press i n s t a l l e d  
a t  F!eyveU indicated t h a t  when the moisture content i n  the  dried U g n i t e  i s  of t he  
order of 10 to 14 psrcent,  good raw briquet tes  could be made. h t u a l  experimants 
i n  the carboniser have indicated t h a t  br iquet tes  with 12% moisture and below give 
good carbonised briquettes.  
when the moisture content v x i e d  f r o m  IC t o  17%. 
moisture content i n  the r a w  br iquet tes  i s  between 11.7 and 12.6, the  nunber of 
whole carbonised br iquet tes  is large. 

Very l ow 

High moist- content i n  
Sometimes the r a w  

Table 3 gives t h e  f i e ld  of whole carbonised briquettes,  
The da ta  are c l e a r  that when the 

The s i ze  of raw briquet tes  plays a ro l e  i n  the  production of lumpy 
carbonised briquettes. 
need not be of very l a rge  s ize  a t  a l l .  
briquette which would be of 25 t o  38 mu. i n  diameter and 25 t o  38 mm. in thickness. 
Two sizes  of b r i c w t t e s  were invest igated i n  t h e  P i l o t  Plant,  v iz .  65 m. and 
38 mm. (diameter). The thickness of the  br iquet tes  i n  both cases  varied from 25 to 
40 mm. 
!-dqher with the 38 urn. raw briquettes.  
almost hundred percent unbroken carbonised br iquet tes  w i t h  a charge of raw briquet- 
tes of 38 mm. diameter. 

For actual  household use i n  South India, t h e  br iquet tes  
The preferable thing would be t o  have a 

It was found t h a t  invariably t h e  yield of whole carbonised br iquet tes  was 
It was possible,  i n  batch tests, t o  obtain 

Tables 3 and 4 give these r e su l t s .  

The design of t he  caxboniser was such tha t  it was difficult  t o  measure tae 

T h i s  temperature varied from 60° J t o  1210' F during the 
exact carbonisation tanperature. 
cross-over temperature". 
tests under discussion. The carbonisation temperature was a p p r o h a t e d  from t h e  
volatile matter content i n  the  carbonised briquettes.  When t h e  carbonisation tempe- 
r a tu re  was about 6500 C, t h e  v o l a t i l e  matter i n  the carbonised brique%tes w a s  of the  
order of 15 t o  18% (moisture and ash free) .  These br iquet tes  gam a smokeless flame 
and had good combustion properties.  
which had higher percent- of m l a t i l e s ,  which resul ted i n  these  br iquet tes  g i v i n g  
smcky f1m.e. It was not possible t o  raise the  gas cross-over teanperature of t h e  
c ~ r b o n i s e r  bepnd 12100 F. 
750° C. 
these t e s t s  was 8.5s 1.m.a.f.). 
heating had t o  be a s  slow a s  p s i b l e  upto about 250° C. 
could be heated a t  a f a s t e r  ra te ,  
these cabon i se r  runs. 

The masurement was  made of what i s  called "gas 

Larer temperatures fielded carbonised br iquet tes  

This corresponds t o  a carbonisation temperature of about 
The mirdnium y o l a t i l e  matter i n  the carbomsed briquettes obtained dvring 

The rate of heating was c r i t i c a l  i n  all cases. The 
Beyond that , the charge 

Figure 2 gives t y p i c a l  heating curves during 
The heating time i n  these rur5 varied from 6 t o  21 hours. 

I n  comnercial operations, t w  ty-pes of quenching are used f o r  cooling the  
c2rbonised briquettes,  dry quencbdng wLth i n e r t  gases a& iret quenching with water 
sprays. ilry quenching aethods a re  generally more expensive. 
r e su l t s  obtained during dry quenching and wet quenching of carbonised SriquettPs 
made under iden t i ca l  conditions. The invest igat ions showed t h a t  as far as  t h e  size 
of t he  carbonised br iquet tes  i s  concerned, t he  method of quenching had no s ign i f i can t  
Pffect. 

Table  5 l ists  the  

T? ~ 7 ; -  iliifr'erence was t h a t  wet quenching inc reased the  moisture content 
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i n  the ca--bodsed br ique t tes .  

The ash content i n  t h e  raw U@ts has a great inr'luerice ori t he  qu:dlity of 
br'jquettes. The ash content i n  t h e  raw l i g n i t e  t h a t  +,as used i n  %h3sa t e s t s  varied 
frciz: 2.E; to 7.33. As f a r  as can be seen froff i  the da t a  co l l sc ted  dur',ng these rus, 
dthoTi& ?:le va r i a t i sn  in ash content did not have d prorauncjd e i f ec t  on tts &at- 
te r  icd?x of carbomsed br ique t tes ,  ye t  it grea t ly  inz'lcencrd :ha turnbler irdex. 
Table 6 i z e c a t e s  ~ ~ P S P  r e su l t s .  

Tab12 7 gives the p h p i c a l  pmper t i e s  of raw b r i q e t t e s  a m  carboaised 
briqu3ttes.  The c h d c a l  and physical properties of these  carbonised br icpe t tas  
a m  s'dlar to thsp. prodsced i n  3 r z a - q  ( 5 )  and correspocd t o  t h s  proparties of 
cherccal used i n  Sout t  Icdia (6). 

P i l o t  F l a t  inves t iga t ion  on the  drging, br ique t t ing  and carbonisation of 
South Arcot Ugnits showed t h a t  p o d  carboniaed b r i w e t t e s  could be produced for use 
as domestic fuel. Gptircum conditions f o r  drying, br ique t t in ;  and carbonisation viere 
est  ;Sl.ished 
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Moisture % 51.00 - 56.00 
2.20 - 3.30 
22.40 - 24.93 
19-10 20.59 

; ish 
Volatile matter 
Fixed Carbon z 

b) Ultimate analysis: 

% 29.48 - 33.60 
d 2.07 - 2.40 

0.24 - 0.29 
8.63 - 9.21 % 

SS 0.29 - 0.48 
J 2.20 - 3.30 i 51.W - 56-00 

Carbon 
Hydrogen 
Nitrogen 

Sulphur 
Ash 
xoisture 

3 

c> Calorific value: 

Gross: k.cal/kg 2560 - 3165 
Net : k.cal/kg 2307 - 2902 

\ 
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TABLE 3 - INFLUENCE OF EOISTURE ON "HZ IIELD aP 
cARBL7NIsED B R I q m .  
I(Size of raw briquettes - 65 mu.> 

Moisture i n  Yield of 

z =P- the raw briquettes 

17.2 9.7 

13.6 29.9 
12.7 49.6 
12.0 53.0 
11.7 48.0 
11 -4 38 .O 
11.0 35 -7 

16.2 17.2 

- 
TAELE 4 - PZEIl) OF WOLZ CAElBONISH) BRI- 

(from 38 mm. raw briquettes) 

Carbonisor run 7 8 15 16 1 7* 

Temperature - Gaa cmsa- 
over OF 775 700 775 700 630 

Size of raw briquettes 0 

diameter i n  mm, 38 38 38 38 38 

Moistwa i n  the raw 
briquettes $ I t &  11.4 11.6 10.4 12.0 

Yield of carbonised 
briquettes: 

temperat- a t  the time of charging briquettes i n  run No, 17 
-9 460° F. This explains the lower field of full briquettes. 
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33 34 35 36 

R~ !roo 
Gas Watar Gas Water Gas Water Gas Xater 

quench- quench- quench- wench- querxh- quench- quench- Wench- 
ed ad ed ed ed 06 ed ed 

Raw briquettes: 

Eoisture z 11.4 11.0 13.2 13 -2 

Ash 6’ 14.4 13.8 8.2 8.2 d 

Cerbodsed briquettes: 

Temperature of gas 
cmss+ver OF 700 700 645 700 

+ 4” % of product 80.2 86.7 80.9 80.7 96.6 96.4 94.1 92.3 

Compression 
strength kg/m2 120 112 152 186 151 164 160 167 

F?.isture in carbonised 
briquettes pd 2.1 4.5 1.5 3 4  1.9 9.0 1.3 4.0 

Raw brisuettes: 

r”;oisture % 12.4 12.0 12.0 127 13.2 11.4 
A s h  % 5 .9 7.5 8.2 8.9 9.4 14.4 

Ash ( h i s t w e  free) 6 -7 8.5 9.4 10.4 10.7 15.5 

Shatter index + 3/4” % 87.5 90.3 93-5 86.7 86.2 84.8 
Tumbler index C 3/4” % 82.6 76.1 72.4 67.6 57.4 62.5 

*Low tumbler index i n  t h i s  run i s  &e t o  the cumulative effect  of high moisture 
and ash. 
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